Abstract. This paper classifies the TBM thatmostly used in the practical engineering into TBM 1 and TBM 2, and comprehensively analyses the difference of cutter layout strategy, pinion layout strategy, shield support structure, etc between TBM 1 and TBM 2.The vibration periodicity of TBM 2 significantly reduces. The influence of shield vertical support on the horizontal and vertical vibration of TBM 2 is analyzed. The results show that settinga vertical support at the bottom of the shield reduces the TBM cutterhead vibration by about 12%.
Introduction
In hard rock, the construction process with big torque, thrust and large impact load. The excessive vibration of TBM will cause non-normal damage in critical components and shorten the life of TBM [1] - [2] . Among the component of TBM, the vibration situation of cutterhead is the most serious [3] .This paper classifies the TBM thatmostly used in the practical engineering into TBM 1 and TBM 2. The comparative vibration analysis of TBM 1 and TBM 2 can accurately simulate the vibration of each component. These analysis results determine the reasonable structure and provide a theoretical reference for TBM anti-vibration design.
Some foreign and domestic scholars have analyzed the TBM driving rotary system and TBM cutterhead system from the angle of dynamic vibration [4] - [6] .K.Z.Zhang [7] et al established a coupling dynamical model of shield machine considering redundant drive system, hydraulic propulsion system, geological conditions, etc, and the dynamical characteristics of the rotary system was studied based on the dynamical model. J.X.Lin and W.Sun[8] established a nonlinear dynamical model of cutterhead system, and analyzed the dynamical characteristics of cutterhead. The comparative analysis based on the TBM 1 and TBM 2 in engineering is not that deep.By considering the difference of cutter layout strategy, pinion layout strategy, shield support structure, etc between TBM 1 and TBM 2, this paper determines more reasonable shield support structure, pinion layout strategy, etc.
Comparative analysis of parameters
The dynamic model of TBM is shown in Figure 1 . θrepresents the phase angle of each cutter on the cutterhead, βrepresents the angle between the vertical force of each cutter and the Y-axis, especially for the inner cutter and center cutter, the value of βis 0. cutterhead to some extent. The mean of vertical vibration reduces by12.57%, and the amplitude of vertical vibration reduces by12.88%.
Conclusion
The cutterhead dynamic responses of TBM 1 and TBM 2 are obtained by considering the parameters and structure of these two TBM. The results show that the mean of the horizontal cutterhead vibration of TBM 1 is around 0.3mm while that of the TBM 2 is 1.4mm which is 4 times of the former one. The mean of the vertical cutterhead vibration of TBM 1 is around 0.2mm, and that of the TBM 2 is 0.5mm. It indicates that the shield support structure of TBM 1 is more reasonable than TBM 2. A dynamic model with unbraced structure is analyzed and the results show that a vertical shield support can reduce the cutterhead vertical vibration by about 12%.
